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(57) The following operation is carried out in order 
to enable a signal to a portable terminal of a destination 
to be relayed by another portable terminal so as to suc- 
cessfully reach the portable terminal of the destination. 
A base station 21 makes and transmits a relayable sig- 
nal to'a portable terminal 1 2, based on a received signal. 
Suppose another portable terminal 11 received this re- 
layable signal. The portable terminal 1 1 further transmits 



the relayable signal, because the relayable signal is not 
one addressed to itself. The portable terminal 1 2 outside 
service areas 31 -33 receives the relayable signal trans- 
mitted by the portable terminal 11. A service area for 
transmission of the relayable signal can be determined 
based on information about the portable terminal or oth- 
er information. It is possible to change the number of 
relays of the relayable signal and a storage time thereof 
in the portable terminal. 
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Description 

Technical Field 

[0001] The present invention relates to a portable ter- 
minal, a control station, a communication method, a 
control method, a communication program, and a con- 
trol program. 

Background Art 

[0002] In the conventional cellular phone networks, a 
cellular phone outside a call area was shut off from any 
communication. 

[0003] However, there was a problem that such a cel- 
lular phone was not allowed to receive an incoming call, 
for example, even an emergency notice, and to send or 
receive any message. 

[0004] The conventional technology as integration of 
the technology of the mobile communication networks 
with the technology of communication between portable 
terminals was proposed in research reports, e.g., 
George Neonakis Aggelou and Rahim Tafazolli, "On the 
Relaying Capability of Next-Generation GSM Cellular 
Networks," IEEE Personal Communications, vol. 8, no. 
1, pp. 40-47, February 2001, but no proposal has been 
made yet for the technology of properly selecting a base 
station that should relay a signal and for the technology 
of performing relay control according to levels of impor- 
tance or urgency of transmitted messages. There were 
strong desires for such technologies. 
[0005] An object of the present invention is, therefore, 
to enable a signal to a portable terminal of a destination 
to be relayed by another portable terminal so as to reach 
the portable terminal of the destination. 

Disclosure of the Invention 

[0006] In order to achieve the above object, a portable 
terminal according to the present invention comprises: 
receiving means for receiving a signal to another porta- 
ble terminal; and transmitting means for transmitting the 
signal to the other portable terminal. 
[0007] Another portable terminal according to the 
present invention is a portable terminal comprising: re- 
ceiving means for receiving information about the 
number of relays of a signal to another portable terminal ; 
and transmitting means for determining whether the sig- 
nal to the other portable terminal is to be transmitted, 
based on the information about the number of relays of 
the signal to the other portable terminal, and controlling 
transmission of the signal, based on a result of the de- 
termination. Namely, as shown in Fig. 1 , a portable ter- 
minal 10 according to the present invention comprises 
a receiving device 10A for receiving information about 
the number of relays of a signal to another portable ter- 
minal, and a transmitting device 10B for determining 
whether the signal to the other portable terminal is to be 



transmitted, based on the information about the number 
of relays of the signal to the other portable terminal, and 
controlling transmission of the signal, based on a result 
of the determination. 
5 [0008] In the portable terminal according to the 
present invention, more preferably, the receiving means 
receives information about a level of urgency or impor- 
tance of the signal to the other portable terminal, and 
the transmitting means determines whether the signal 
to the other portable terminal is to be transmitted, based 
on the information about the number of relays of the sig- 
nal to the other portable terminal and on the information 
about the level of urgency or importance. 
[0009] More preferably, the portable terminal accord- 
ing to the present invention further comprises means for 
storing the signal to the other portable terminal, and is 
configured in a configuration wherein the receiving 
means receives information about a storage time of the 
signal to the other portable terminal, wherein the storing 
means determines a time to store the signal to the other 
portable terminal, based on the information about the 
storage time of the signal to the other portable terminal, 
and wherein the transmitting means repeatedly trans- 
mits the signal to the other portable terminal stored. 
[0010] More preferably, the portable terminal accord- 
ing to the present invention further comprises means for 
storing the signal to the other portable terminal, and is 
configured in a configuration wherein the receiving 
means receives information about a level of urgency or 
importance of the signal to the other portable terminal, 
wherein the storing means determines a time to store 
the signal to the other portable terminal, based on the 
information about the level of urgency or importance of 
the signal to the other portable terminal, and wherein 
the transmitting means repeatedly transmits the signal 
to the other portable terminal stored. 
[0011] In the portable terminal according to the 
present invention, more preferably, the receiving means 
and/or the transmitting means performs short-range 
wireless communication. 

[0012] In the portable terminal according to the 
present invention, more preferably, the short-range 
wireless communication is communication based on 
Bluetooth. 

[0013] More preferably, the portable terminal accord- 
ing to the present invention further comprises: reply sig- 
nal receiving means for receiving a reply signal trans- 
mitted by the other portable terminal; and reply signal 
transmitting means for transmitting the reply signal 
transmitted by the other portable terminal. 
[0014] A control station according to the present in- 
vention is a control station used in a system having at 
least one service area and configured to provide a radio 
communication service to a portable terminal, the con- 
trol station comprising: receiving means for receiving a 
transmission request to a portable terminal; and deter- 
mining means for determining at least one service area 
for transmission of a relayable signal that can be trans- 
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mitted to a portable terminal as a target for the transmis- 
sion request via a portable terminal other than the target 
portable terminal. 

[0015] Another control station according to the 
present invention is a control station used in a system 
having at least one service area and configured to pro- 
vide a radio communication service to a portable termi- 
nal, the control station comprising: receiving means for 
receiving a transmission request to a portable terminal; 
and determining means for determining at least one 
service area for transmission of a relayable signal that 
can be transmitted to a portable terminal as a target for 
the transmission request via a portable terminal other 
than the portable terminal, based on information about 
the portable terminal as a target for the transmission re- 
quest. Namely, as shown in Fig. 2, a control station 40 
according to the present invention comprises a receiv- 
ing device 40A for receiving a transmission request to 
a portable terminal, and a determining device 40B for 
determining at least one service area for transmission 
of a relayable signal that can be transmitted to a portable 
terminal as a target for the transmission request via a 
portable terminal other than the target portable terminal, 
based on information about the portable terminal as a 
target for the transmission request. 
[0016] In the control station according to the present 
invention, more preferably, the service area determined 
by the determining means includes at least one of a 
service area preliminarily registered for the portable ter- 
minal as a target for the transmission request, a service 
area where the portable terminal as a target for the 
transmission request performed location registration 
last, and a service area where the portable terminal as 
a target for the transmission request frequently per- 
formed location registration. 

[0017] In the control station according to the present 
invention, more preferably, the determining means de- 
termines the service area for transmission of the relay- 
able signal, based on information independent of the 
portable terminal as a target for the transmission re- 
quest. 

[0018] In the control station according to the present 
invention, more preferably, the service area determined 
by the determining means includes a service area where 
the portable terminal frequently fails to perform commu- 
nication in a home area thereof. 
[0019] In the control station according to the present 
invention, more preferably, the receiving means re- 
ceives information about the transmission request, and 
the determining means adjusts the number of service 
areas for' transmission of the relayable signal, based on 
the information about the transmission request, and de- 
termines the service area or areas. 
[0020] In the control station according to the present 
invention, more preferably, the information about the 
transmission request is information about a level of ur- 
gency or importance of the transmission request. 
[0021] A communication method according to the 



present invention is a communication method in a port- 
able terminal, comprising: a receiving step of receiving 
a signal to another portable terminal; and a transmitting 
step of transmitting the signal to the other portable ter- 
5 minal. 

[0022] Another communication method according to 
the present invention is a communication method in a 
portable terminal, comprising: a receiving step of receiv- 
ing information about the number of relays of a signal to 

10 another portable terminal; a determining step of deter- 
mining whether the signal to the other portable terminal 
is to be transmitted, based on the information about the 
number of relays of the signal to the other portable ter- 
minal; and a transmission control step of controlling 

15 transmission of the signal, based on a result of the de- 
termination. 

[0023] A control method according to the present in- 
vention is a control method used in a system having at 
least one service area and configured to provide a radio 
20 communication service to a portable terminal, the con- 
trol method comprising: a receiving step of receiving a 
transmission request to a portable terminal; and a de- 
termining step of determining at least one service area 
for transmission of a relayable signal that can be trans- 
25 mitted to a portable terminal as a target for the transmis- 
sion request via a portable terminal other than the target 
portable terminal. 

[0024] Another control method according to the 
present invention is a control method used in a system 
30 having at least one service area and configured to pro- 
vide a radio communication service to a portable termi- 
nal, the control method comprising: a receiving step of 
receiving a transmission request to a portable terminal; 
and a determining step of determining at least one serv- 
es ice area for transmission of a relayable signal that can 
be transmitted to a portable terminal as a target for the 
transmission request via a portable terminal other than 
the portable terminal, based on information about the 
portable terminal as a target for the transmission re- 
40 quest. 

[0025] A communication program according to the 
present invention is a communication program for letting 
a computer, which is mounted on a portable terminal, 
execute the following steps, as shown in Fig. 3: a receiv- 
es jng step S01 of receiving information about the number 
of relays of a signal to another portable terminal; a de- 
termining step S02 of determining whether the signal to 
the other portable terminal is to be transmitted, based 
on the information about the number of relays of the sig- 
50 nal to the other portable terminal; and a transmission 
control step S03 of controlling transmission of the signal, 
based on a result of the determination. 
[0026] A control program according to the present in- 
vention is a control program for letting a computer, which 
55 is mounted on a control station used in a system having 
at least one service area and configured to provide a 
radio communication service to a portable terminal, ex- 
ecute the following steps, as shown in Fig. 4: a receiving 
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step S11 of receiving a transmission request to a port- 
able terminal; and a determining step S12 of determin- 
ing at least one service area for transmission of a relay- 
able signal that can be transmitted to a portable terminal 
as a target for the transmission request via a portable 
terminal other than the target portable terminal, based 
on information about the portable terminal as a target 
for the transmission request. 

[0027] The above configurations permit a signal to a 
portable terminal of a destination to be relayed by an- 
other portable terminal so as to reach the portable ter- 
minal of the destination. 

[0028] The above object and other features and ad- 
vantages of the present invention will become apparent 
to those skilled in the art in view of the detailed descrip- 
tion below with reference to the accompanying draw- 
ings. 

Brief Description of the Drawings 
[0029] 

Fig. 1 is a block diagram of a portable terminal ac- 
cording to the present invention. 
Fig. 2 is a block diagram of a control station accord- 
ing to the present invention. 

Fig. 3 is a flowchart showing a processing flow of a 
communication program. 

Fig. 4 is a flowchart showing a processing flow of a 
control program. 

Fig. 5 is an illustration showing a configuration ex- 
ample of a radio communication service providing 
system. 

Fig. 6 is an illustration showing an example of func- 
tional blocks of a portable terminal. 
Fig. 7 is adiagram for explaining processing carried 
out when a control station 40 receives a transmis- 
sion request to a portable terminal 12. 
Fig. 8 is a flowchart of control processing based on 
the number of relays, executed in a relaying porta- 
ble terminal 11 . 

Fig. 9 is a flowchart of control processing based on 
a storage time, executed in a relaying portable ter- 
minal 1 1 . 

Fig. 1 0 is a flowchart of interrupt processing into the 
processing of Fig. 9. 

Best Mode for Carrying out the Invention 

[0030] Embodiments of the present invention will be 
described below in detail with reference to the drawings. 
[0031] Fig. 5 is an illustration showing a configuration 
example of a radio communication service providing 
system. Base stations 21 -23 have their respective serv- 
ice areas 31-33. Portable terminals 11-16 can receive 
the radio communication service in the service areas 
31-33. Control station 40 exercises control over the 
base stations 21-23. Information storage device 50 



stores information about each portable terminal (e.g., 
the present location). The portable terminals 11-16 can 
beofformsof cellular phones, PHS, and so on. Although 
not shown in Fig. 5, the radio communication service 
5 providing system can include switching centers and oth- 
ers. The control station 40 is provided with the receiving 
device 40A and the determining device 40B according 
to the present invention, as shown in Fig. 2. The control 
station 40 can also be arranged to be connected to other 
networks. The control station 40 may be integrated with 
the information storage device 50 or may be integrated 
with a switching center. 

[0032] When a portable terminal 11-16 comes to lie in 
a new service area because of power-on, movement, or 
the like, it performs location registration. Information 
about the location of the portable terminal 11-16 is 
stored in the information storage device 50. 
[0033] Each portable terminal 1 1 -1 6 is able to relay a 
signal. Namely, a portable terminal is able to receive a 
signal to another portable terminal and transmit it. For 
example, supposing the base station 21 tries to send a 
signal to the portable terminal 12 located outside its 
service area, it will fail to transmit the signal directly, but 
the base station 21 can send the signal via the portable 
terminal 11 to the portable terminal 12. In another case 
where the base station 21 tries to send a signal to the 
portable terminal 16, for example, the base station 21 
can send the signal via the portable terminal 1 3, portable 
terminal 1 4, and portable terminal 1 5 to the portable ter- 
minal 16. 

[0034] Each portable terminal is provided with the re- 
ceiving device 10A and the transmitting device 10B ac- 
cording to the present invention, as shown in Fig. 1 , and 
the configuration thereof is presented in more detail in 
Fig. 6. Fig. 6 is a diagram showing an example of func- 
tional blocks of the portable terminal, which conceptu- 
ally shows only portions associated with the present in- 
vention out of the functions of the portable terminal. The 
portable terminal 10 is provided with an information 
management unit 102 having a function of controlling 
the entire terminal; a memory management unit 104 
having a function of managing storage of various infor- 
mation; a presentation unit 1 06, for example, comprised 
of a display, a speaker, etc.; an input unit 1 08 including 
manual operation buttons and others; a short-range 
wireless controller 110 having a function of controlling 
short-range wireless (communication); atransmitter 112 
of short-range wireless; a receiver 114 of short-range 
wireless; a public wireless controller 1 1 6 having a func- 
tion of controlling public wireless (communication) with 
public wireless networks (e.g., the base stations 21 -23); 
a transmitter 118 of public wireless; a receiver 120 of 
public wireless; and a timer 122 for giving notice of a 
predetermined time (e.g., expiration of a storage time 
described later). The present embodiment adopts pack- 
et transmission for both the short-range wireless (com- 
munication) and the public wireless (communication). 
The present embodiment employs communication 
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based on Bluetooth as the short-range wireless (com- 
munication). The public wireless communication is nor- 
mally used for communication between the base sta- 
tions and the portable terminals, but the short-range 
wireless communication may also be used, for example, 
if the distance is short enough between the base sta- 
tions and the portable terminals. 
[0035] The following will describe the processing car- 
ried out in the case where the control station 40 receives 
a transmission request (e.g., an incoming call request 
or a message transmission request) to the portable ter- 
minal 12, referring to Figs. 5 and 7. The transmission 
request to the portable terminal 12 can possibly be one 
originated and transmitted from another portable termi- 
nal or one originated from a fixed terminal and transmit- 
ted through a network. 

[0036] When the control station 40 receives a trans- 
mission request to the portable terminal 1 2 from another 
terminal (T1 in Fig. 7), it identifies the base station 21 
corresponding to the registered location of the portable 
terminal 12 and lets the base station 21 page the port- 
able terminal 1 2 (T2). Since at this time the portable ter- 
minal 12 is located outside the service area 31 of the 
base station 21 , the paging ends in failure (T3). 
[0037] As a result of this failure, the control station 40 
determines the service area 31 as at least one service 
area for transmission of a relayable signal that can be 
transmitted to the portable terminal 1 2 as a target for the 
transmission request via a portable terminal other than 
the portable terminal 1 2 (which will be referred to herein 
as "relayable signal transmission target service area"). 
A method of the determination herein can be selected 
from a variety of conceivable methods, and the details 
thereof will be described later. 

[0038] After determining the relayable signal trans- 
mission target service area, the control station 40 trans- 
mits the relayable signal and the signal addressed to the 
portable terminal 12, to the base station 21 in charge of 
the service area (T4), and the base station 21 transmits 
the relayable signal and the signal addressed to the 
portable terminal 12, to the portable terminal 11 inside 
the service area (T5). Then the portable terminal 11 
transmits the relayable signal and the signal addressed 
to the portable terminal 12, to the portable terminal 12 
(T6). The signal addressed to the portable terminal 12 
reaches the portable terminal 12 in this way. 
[0039] When the signal addressed to the portable ter- 
minal 1 2 is a message, the message is presented to the 
user in the portable terminal 12 and the processing is 
terminated. When the signal addressed to the portable 
terminal 12 is a terminating signal such as a call or the 
like, the portable terminal 12 transmits an acknowledg- 
ment signal via the portable terminal 11 and the base 
station 21 to the control station 40 (T7, T8, and T9). The 
processing of the portable terminal 11 in the above re- 
laying operation will be described later with reference to 
Figs. 8 to 10. 

[0040] The above transmission of the relayable signal 



is generally carried out after a failure in the normal trans- 
mission processing (in the case of the present embodi- 
ment, the process of directly transmitting the signal from 
the base station to the portable terminal in the service 

5 area where the portable terminal as a target for the 
transmission request performed location registration 
last) as in Fig. 7, but it may be carried out simultaneously 
with the normal transmission processing. 
[0041] A method of determining the relayable signal 

10 transmission target service area can be selected from 
a variety of conceivable methods. The determining 
methods will be described below. 
[0042] For example, the target service area can be 
determined based on information about the portable ter- 

15 minal (portable terminal 1 2) as a target for the transmis- 
sion request. More specifically, it can be contemplated, 
for example, that the target service area is set to a serv- 
ice area preliminarily registered for the portable terminal 
12 (e.g., a user's living area that a user of the portable 

20 terminal 12 previously registered). It can also be con- 
templated that the target service area is set to a service 
area where the portable terminal 12 performed location 
registration last. It can also be contemplated that the tar- 
get service area is set to a service area where the port- 

25 able terminal 12 frequently performed location registra- 
tion. The information about the portable terminal 12 (e. 
g., the information of the service area preliminarily reg- 
istered for the portable terminal 12) is stored in the in- 
formation storage device 50 whereby the control station 

30 40 can access thereto as occasion arises. It is also pos- 
sible to store these information in the control station 40 
itself. 

[0043] It is also contemplated, for example, that the 
relayable signal transmission target service area is de- 

35 termined based on information independent of the port- 
able terminal (portable terminal 12) as a target for the 
transmission request. The target service area is deter- 
mined, for example, based on information about service 
areas where the portable terminal fails in communica- 

40 tion in its home area with high frequency. An example 
of such service areas is a service area including an un- 
derground shopping area or the like where a signal from 
the base station is hard to reach. 
[0044] The method of determining the relayable sig- 

45 nal transmission target service area can be selected, for 
example, from the methods as described above, and it 
may also be contemplated that a plurality of service ar- 
eas are selected by combination of these determining 
methods or that a service area adjacent to the selected 

50 service area is further selected as a target. 

[0045] The control station 40 can also be configured 
to receive information about the transmission request 
and determine the relayable signal transmission target 
service area, based on the information. For example, 

55 the number of relayable signal transmission target serv- 
ice areas can be adjusted based on the information 
about the transmission request. The information about 
the transmission request can possibly be, for example, 
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the level of urgency or importance of the transmission 
request. When the level of urgency or importance is 
high, the number of relayable signal transmission target 
service areas is set at a large number whereby the sig- 
nal can be transmitted to the portable terminal 12 with 
a high possibility. The information about the transmis- 
sion request may be included in the transmission re- 
quest (signal) or may be separately transmitted. 
[0046] The below will describe the flow of processing 
carried out when the service area 31 is determined as 
a relayable signal transmission target service area. The 
base station 21 generates and transmits (or broadcasts) 
a relayable signal addressed to the portable terminal 1 2, 
based on a received signal. Let us suppose that the port- 
able terminal 1 1 received this relayable signal. Since the 
relayable signal is not a signal addressed to itself, the 
portable terminal 11 further transmits (broadcasts) the 
relayable signal. In the present embodiment, the porta- 
ble terminals are configured to transmit the relayable 
signal by short-range wireless communication (more 
specifically, communication based on Bluetooth). When 
the portable terminal 12 receives the relayable signal 
transmitted by the portable terminal 1 1 , the portable ter- 
minal 12 does not transmit the relayable signal any- 
more, because the relayable signal is a signal ad- 
dressed to itself. The portable terminal 12 can generate 
a reply signal to the relayable signal and transmit it. The 
reply signal thus transmitted can reach the base station 
21 via the portable terminal 11. However, the reply signal 
possibly fails to reach the base station 21 in certain cas- 
es, for example, where the distance between the porta- 
ble terminal 12 and the portable terminal 11 changes 
over the short-range wireless communicable range. 
[0047] The base station 21 can further transmit infor- 
mation about the number of relays of the relayable sig- 
nal. The information about the number of relays may be 
included in the relayable signal or may be transmitted 
separately therefrom. A portable terminal receiving the 
information about the number of relays, determines 
whether the relayable signal is to be transmitted, based 
on the information about the number of relays. For ex- 
ample, the system can be configured as follows: the 
base station 21 transmits n as the information about the 
number of relays; a portable terminal receiving the re- 
layable signal and the information transmits n-1 as the 
information about the number of relays on the occasion 
of transmitting the relayable signal; a portable terminal 
receiving the relayable signal and the information trans- 
mits n-2 as the information about the number of relays 
on the occasion of transmitting the relayable signal; this 
processing is repeated until the information about the 
number of relays becomes 0; the transmission of the re- 
layable signal is no longer carried out with the informa- 
tion of 0. 

[0048] This configuration permits the reachability of 
the signal (to the portable terminal 12) to be adjusted, 
for example, by changing the number of relays accord- 
ing to levels of urgency or importance. 



[0049] The following will describe the control process- 
ing based on the number of relays, which is executed in 
the relaying portable terminal 1 1 , in detail with reference 
to Fig. 8. Let us suppose herein that the signal ad- 
5 dressed to the portable terminal 12 is a message. 
[0050] When the portable terminal 11 receives a re- 
layable signal from the base station 21 or from another 
portable terminal (S21 in Fig. 8), it checks whether the 
relayable signal is one directed to itself (S22). When the 
10 relayable signal is one directed to its own terminal, the 
portable terminal 11 displays the message represented 
by the signal addressed to the portable terminal, on the 
presentation unit 106 of Fig. 6 to present it to the user 
(S23), and terminates the processing of Fig. 8. 
15 [0051] When the relayable signal is not one directed 
to itself in S22, the portable terminal 1 1 checks whether 
the number of relays recorded in the relayable signal is 
0 (S24). When the number of relays is 0, it can be de- 
termined that a further relay is not desired, and the port- 
20 able terminal 11 thus discards the relayable signal re- 
ceived (S26) and terminates the processing of Fig. 8. 
[0052] When the number of relays is not 0 in S24, the 
portable terminal 11 checks whether the relayable signal 
is a duplicate signal of a relayable signal already re- 
25 ceived and stored (S25). When the relayable signal is a 
duplicate signal, it can be determined that a relay of the 
relayable signal is a useless process, and thus the port- 
able terminal 11 discards the relayable signal received 

(526) and terminates the processing of Fig. 8. 
30 [0053] When the relayable signal is not a duplicate 

signal in S25, the number of relays is reduced by one 

(527) ; the relayable signal including the information 
about the number of relays after the reduction is stored 
in the memory management unit 104 of Fig. 6; and the 

35 portable terminal 1 1 transmits the relayable signal to an- 
other portable terminal (the portable terminal 12 herein) 

(528) and terminates the processing of Fig. 8. 
[0054] The above processing of Fig. 8 enables the ap- 
propriate relay control of the signal to be executed 

40 based on the number of relays of the relayable signal. 
[0055] The base station 21 can also transmit informa- 
tion about the level of urgency or importance of the re- 
layable signal, instead of the information about the 
number of relays of the relayable signal. For example, 
45 a portable terminal receiving the relayable signal and 
the information about the level of urgency or importance 
transmitted from the base station 21, transmits to the 
next portable terminal the information about the number 
of relays of the relayable signal, in addition to the relay- 
50 able signal and the information about the level of urgen- 
cy or importance. The information about the number of 
relays of the relayable signal can be, for example, the 
number of relays itself, which is increased by one per 
relay. Each portable terminal to perform a relay deter- 
55 mines whether a further relay should be carried out, 
based on the information about the number of relays of 
the relayable signal and the information about the level 
of urgency or importance. Namely, with a high level of 
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urgency or importance, a further relay is performed even 
if the number of relays is large; with a low level of ur- 
gency or importance, a further relay is not performed 
even if the number of relays is small. 
[0056] The base station 21 can further transmit infor- 
mation about a storage time of the relayable signal. The 
information about the storage time may be included in 
the relayable signal or may be transmitted separately. A 
portable terminal receiving the information about the 
storage time, determines a time to store the relayable 
signal, based on the information about the storage time, 
and stores the relayable signal. Then the portable ter- 
minal repeatedly transmits the relayable signal thus 
stored. On the occasion of the transmission, the porta- 
ble terminal also transmits the information about the 
storage time. A portable terminal receiving the relayable 
signal over the storage time, discards it and does not 
transmit it further. 

[0057] This permits the reachability of the signal to be 
adjusted, for example, by changing the storage time ac- 
cording to levels of urgency or importance. When the 
storage time is set long, the reachability becomes high- 
er, because the portable terminal repeatedly performs 
the transmission of the relayable signal while moving 
around. 

[0058] The following will describe the control process- 
ing based on the storage time, which is executed in the 
relaying portable terminal 11 , in detail with reference to 
Figs. 9 and 10. Let us suppose herein that the signal 
addressed to the portable terminal 12 is a message. 
[0059] When the portable terminal 11 receives a re- 
layable signal from the base station 21 or from another 
portable terminal (S21 in Fig. 9), it checks whether the 
relayable signal is one addressed to itself (S22). If the 
relayable signal is one addressed to itself, the message 
represented by the signal addressed to the portable ter- 
minal is displayed on the presentation unit 1 06 of Fig. 6 
to present it to the user (S23), and the processing of Fig. 
9 is terminated. 

[0060] When the relayable signal is not one to its own 
terminal in S22, the portable terminal checks whether 
the number of relays recorded in the relayable signal is 
0 (S24). When the number of relays is 0, it can be de- 
termined that a further relay is not desired, and the port- 
able terminal discards the relayable signal received 

(526) and terminates the processing of Fig. 9. 
[0061] When the number of relays is not 0 in S24, it 
is checked whether the relayable signal is a duplicate 
signal of a relayable signal already received and stored 
(S25). When the relayable signal is a duplicate signal, 
it can be determined that a further relay of the relayable 
signal is a useless process, and the portable terminal 
discards the relayable signal received (S26) and termi- 
nates the processing of Fig. 9. 

[0062] When the relayable signal is not a duplicate 
signal in S25, the number of relays is reduced by one 

(527) , and thereafter the portable terminal determines 
a storage time on the basis of the level of urgency or 



importance of the signal recorded in the relayable signal 
(S29). 

[0063] In S30 thereafter, the relayable signal including 
the information about the number of relays after the re- 

5 duction is stored in the memory management unit 104 
of Fig. 6 and the relayable signal is transmitted to an- 
other portable terminal (the portable terminal 1 2 herein). 
The portable terminal then activates a storage time timer 
that makes a time-out after a lapse of the storage time 

10 determined in S29, and terminates the processing of 
Fig. 9. 

[0064] During execution of the above processing of 
Fig. 9, an interrupt operation of Fig. 1 0 is handled at eve- 
ry predetermined time. It is first checked whether an ac- 

15 knowledgment signal (equivalent to T7 in Fig. 7) is re- 
ceived from another portable terminal to which the re- 
layable signal was transmitted (the portable terminal 1 2 
herein) (S41 in Fig. 1 0). When the acknowledgment sig- 
nal is received, it can be determined that the relaying 

20 operation is complete, and thus the portable terminal 
stops the storage time timer (S42), discards the relaya- 
ble signal stored (S44), and terminates the processing 
of Fig. 10. 

[0065] When no acknowledgment signal is received 
25 in S41 , the portable terminal checks whether the prede- 
termined storage time has elapsed, i.e., whether the 
storage time timer has made a time-out (S43). When the 
storage time timer has already made a time-out, it can 
be determined that it is no longer necessary to store the 
30 relayable signal, and thus the portable terminal discards 
the relayable signal stored (S44), and terminates the 
processing of Fig. 10. 

[0066] When the storage time timer does not make a 
time-out yet in S43, the relayable signal is retransmitted 
35 to another portable terminal (the portable terminal 12 
herein) (S45), and the processing of Fig. 10 is terminat- 
ed. 

[0067] The above processing of Figs. 9 and 10 per- 
mits the reachability of the signal to be adjusted by 
40 changing the storage time according to levels of urgency 
or importance of the signal. Namely, the relay control of 
the signal can be executed in consideration of the level 
of urgency or importance of the message to the portable 
terminal. 

45 [0068] The base station 21 can also transmit the in- 
formation about the level of urgency or importance of 
the relayable signal, instead of the information about the 
storage time of the relayable signal. A portable terminal 
receiving the information about the level of urgency or 

50 importance, determines atime to store the relayable sig- 
nal, based on the information about the level of urgency 
or importance, and stores the relayable signal. Then the 
portable terminal repeatedly transmits the relayable sig- 
nal thus stored. On the occasion of the transmission, the 

55 portable terminal also transmits the information about 
the level of urgency or importance. 
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Industrial Applicability 

[0069] As described above, the present invention en- 
ables a signal to a portable terminal of a destination to 
be relayed by another portable terminal so as to reach 
the destination portable terminal. 
[0070] This permits a user to make an appointment of 
meeting or an emergency contact with another user 
staying in an underground shopping area or a secluded 
place, or in a non-service area such as a mountain area, 
without any additional infrastructure (facilities of com- 
munication infrastructure) of base stations and others. 
Since a local network constructed by short-range wire- 
less among a plurality of portable terminals present in 
ambient surroundings is an unstable network dynami- 
cally constructed including a portable terminal of a mov- 
ing user itself, there is no guarantee that a message or 
the like always reaches the user. However, in the case 
where the level of importance or urgency is high, for ex- 
ample, the reachability can be enhanced by increasing 
the propagation range and the existence time of the 
message. Namely, the message or the like can be prop- 
agated in a wide range while moving around among the 
portable terminals. 



Claims 

1. A portable terminal comprising: 

receiving means for receiving a signal to anoth- 
er portable terminal; and 
transmitting means for transmitting the signal 
to the other portable terminal. 



4. The portable terminal according to Claim 2 or 3, fur- 
ther comprising storing means for storing the signal 
to the other portable terminal, 

wherein said receiving means receives infor- 
5 mation about a storage time of the signal to the oth- 

er portable terminal, 

wherein said storing means determines a time 
to store the signal to the other portable terminal, 
based on the information about the storage time of 
10 the signal to the other portable terminal, and 

wherein said transmitting means repeatedly 
transmits the signal to the other portable terminal 
stored. 

15 5. The portable terminal according to Claim 2 or 3, fur- 
ther comprising storing means for storing the signal 
to the other portable terminal, 

wherein said receiving means receives infor- 
mation about a level of urgency or importance of the 
20 signal to the other portable terminal, 

wherein said storing means determines a time 
to store the signal to the other portable terminal, 
based on the information about the level of urgency 
or importance of the signal to the other portable ter- 
25 minal, and 

wherein said transmitting means repeatedly 
transmits the signal to the other portable terminal 
stored. 

30 6. The portable terminal according to one of Claims 
2-5, wherein said receiving means and/or said 
transmitting means performs short-range wireless 
communication. 

7. The portable terminal according to Claim 6, wherein 
said short-range wireless communication is com- 
munication based on Bluetooth. 

8. The portable terminal according to one of Claims 
2-7, further comprising: 

reply signal receiving means for receiving a re- 
ply signal transmitted by the other portable ter- 
minal; and 

reply signal transmitting means for transmitting 
the reply signal transmitted by the other porta- 
ble terminal. 



35 

2. A portable terminal comprising: 

receiving means for receiving information 
about the number of relays of a signal to anoth- 
er portable terminal; and 40 
transmitting means for determining whether the 
signal to the other portable terminal is to be 
transmitted, based on the information about the 
number of relays of the signal to the other port- 
able terminal, and controlling transmission of 45 
the signal, based on a result of the determina- 
tion. 



15 



20 



3. The portable terminal according to Claim 2, wherein 
said receiving means receives information about a 50 
level of urgency or importance of the signal to the 
other portable terminal, and 

wherein said transmitting means determines 
whether the signal to the other portable terminal is 
to be transmitted, based on the information about 55 
the number of relays of the signal to the other port- 
able terminal and on the information about the level 
of urgency or importance. 



9. A control station used in a system having at least 
one service area and configured to provide a radio 
communication service to a portable terminal, the 
control station comprising: 

receiving means for receiving a transmission 
request to a portable terminal; and 
determining means for determining at least one 
service area for transmission of a relayable sig- 
nal that can be transmitted to a portable termi- 
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nal as a target for said transmission request via 
a portable terminal other than said target port- 
able terminal. 

10. A control station used in a system having at least 
one service area and configured to provide a radio 
communication service to a portable terminal, the 
control station comprising: 

receiving means for receiving a transmission 
request to a portable terminal; and 
determining means for determining at least one 
service area for transmission of a relayable sig- 
nal that can be transmitted to a portable termi- 
nal as a target for said transmission request via 
a portable terminal other than said portable ter- 
minal, based on information about the portable 
terminal as a target for the transmission re- 
quest. 

11. The control station according to Claim 10, wherein 
the service area determined by said determining 
means includes at least one of a service area pre- 
liminarily registered for the portable terminal as a 
target for the transmission request, a service area 
where the portable terminal as a target for the trans- 
mission request performed location registration 
last, and a service area where the portable terminal 
as a target for the transmission request frequently 
performed location registration. 

12. The control station according to Claim 10 or 11, 
wherein said determining means determines the 
service area for transmission of the relayable sig- 
nal, based on information independent of the port- 
able terminal as a target for the transmission re- 
quest. 

13. The control station according to Claim 12, wherein 
the service area determined by said determining 
means includes a service area where the portable 
terminal frequently fails to perform communication 
in a home area thereof. 

14. The control station according to one of Claims 
10-13, wherein said receiving means receives infor- 
mation about the transmission request, and 

wherein said determining means adjusts the 
number of service areas for transmission of the re- 
layable signal, based on the information about the 
transmission request, and determines the service 
area or areas. 

15. The control station according to Claim 14, wherein 
the information about the transmission request is in- 
formation about a level of urgency or importance of 
the transmission request. 



16. A communication method in a portable terminal, 
comprising: 

a receiving step of receiving a signal to another 
5 portable terminal; and 

a transmitting step of transmitting the signal to 
the other portable terminal. 

17. A communication method in a portable terminal, 
10 comprising: 

a receiving step of receiving information about 
the number of relays of a signal to another port- 
able terminal; 

15 a determining step of determining whether the 

signal to the other portable terminal is to be 
transmitted, based on the information about the 
number of relays of the signal to the other port- 
able terminal; and 
20 a transmission control step of controlling trans- 

mission of the signal, based on a result of the 
determination. 

18. A control method used in a system having at least 
25 one service area and configured to provide a radio 

communication service to a portable terminal, the 
control method comprising: 

a receiving step of receiving a transmission re- 
30 quest to a portable terminal; and 

a determining step of determining at least one 
service area for transmission of a relayable sig- 
nal that can be transmitted to a portable termi- 
nal as a target for the transmission request via 
35 a portable terminal other than said target port- 

able terminal. 

19. A control method used in a system having at least 
one service area and configured to provide a radio 

40 communication service to a portable terminal, the 
control method comprising: 

a receiving step of receiving a transmission re- 
quest to a portable terminal; and 
45 a determining step of determining at least one 

service area for transmission of a relayable sig- 
nal that can be transmitted to a portable termi- 
nal as a target for the transmission request via 
a portable terminal other than said portable ter- 
50 minal, based on information about the portable 

terminal as a target for the transmission re- 
quest. 

20. A communication program for letting a computer, 
55 which is mounted on a portable terminal, execute 

the following steps: 

a receiving step of receiving information about 
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the number of relays of a signal to another port- 
able terminal; 

a determining step of determining whether the 
signal to the other portable terminal is to be 
transmitted, based on the information about the 5 
number of relays of the signal to the other port- 
able terminal; and 

a transmission control step of controlling trans- 
mission of the signal, based on a result of the 
determination. 10 

21. A control program for letting a computer, which is 
mounted on a control station used in a system hav- 
ing at least one service area and configured to pro- 
vide a radio communication service to a portable 15 
terminal, execute the following steps: 

a receiving step of receiving a transmission re- 
quest to a portable terminal; and 
a determining step of determining at least one 20 
service area for transmission of a relayable sig- 
nal that can be transmitted to a portable termi- 
nal as a target for the transmission request via 
a portable terminal other than said target port- 
able terminal, based on information about the 25 
portable terminal as a target for the transmis- 
sion request. 
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